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PURPOSE: A multilayered dielectric stack is provided 
to have alternate layers of high-dielectric material 
and insertion material. CONSTITUTION: A multilayer 
dielectric stack comprises the first dielectric layer, 
the second, the third dielectric layer, an electrode 
overlying the dielectric stack. The first dielectric layer 
comprises a first dielectric material overlying a 
semiconductor substrate. The second dielectric layer 
comorises a second dielectric material overlying the 
first dielectric layer. The third dielectric layer 
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> ^IW2\ Si VLSI J\wS MOS ^XfLH£) D\\0\^ ^^XWiQaXe dielectric)^ /d SiOz S A^g§^□. ±X\9Ji BD\D\ Xl^^^g ^ri^gOII [U^}M, :>1I0I 
^ ^ xHy §^^§ifS S^'5F:>il ^X\mD\ mm. SlOg^SJ ^^:4iaOiOI 2 Uii^D!EH(nm) Dl°^2^ ^MD\ iTEHOlt fi^£J 

:Q SiD. □^^U.Si02 eia^^SS ^SHAH EH^^ S # (tunneling current):?^ IIHgOil 0121^ m^M HBIg SiD. feg 

^^^^m m^€: o\\o\^ ^^x\\ mm eo m ^ si^HS ^^:^i£i ay ^me ^^m^q. s saii/hoiiai oi^m m-kChi 

. ^c:}^^D\ losD.e o\\o\^ ^^x\\ m^m me^u^ ^oid. 

b goiD. □ R^s DH^ >i^':>ii SD. ssol ^iniHi ^^x^|a^oll oig^h xHyg^moii i^d\^'o\ ^.eh:SQ. oie:!*^ 

MOSFET ±X\S\ 0\\O\^ ^EXM^M ^mt\X\ 

^E^^i=' olSHAH. CMOS >:iIfLfj£l >1I0|E ^^x^l^AI 1.5 nm SD Si02 m^'^^^ Af:§W 4^ giDll ^D.^^XH. 5102^] 

CHirM^'g ^it-^ ^'t^SIl Si^GII. TiOg £F TajOs:?! ^^aH SiCK DEHU, Il^HI S ^^^^ 'Oi b'g (post deposition 

annealing). ^ SiO^S^ 2}oWk\. SiOg ^JMKeQuivalent SiOg thickness, ^'S. <i^s^g ^JHI (equivalent -oxide thickne 

ss(£OT)))» 1.5 nm Ol£.^o^ >is qh^ CH^U. 



.^li. blSS^ot ei'OI S2«^^£j :HIO|e ^SjtllSf 9i nHAI EH (shortage caoacitoOOII Mmm ^ 91U^ m&^mO, 

HfElA-l. 0!A^^^'£i^CHI bil6HAH ^S^^4=g H-k 4^^g^'gOI BCH^ C:^S ^Sxil >iii|01 HISSQf. Il-k:^^'^. 

6.^£iEiBB(Ti02)-. {i^mx\^m^(z\02). t.^sJto\R^{HiOz), ^m^mmiia 

.O5) bIM ^ ElEfB ^AmiE((Ba. Sr)Ti03)^ Oi^Oi^l 5^^¥EH >d^£i:i3. tihfe^?^*! 6}SFX|S3fe ^^§^.6^H;feOI 

a .;^^E)Ml'8 <i^^f^^^DlB(Al2 03). l'll^^^D{fe(AiN), ^'SI^SIEISIN £E^ Sis N4 

dii.'^'5f:>i^^. n-k m^m ^ ^'^^mmmoi nij^^ s^s 5:101 m^JimSJi s^^^lhsi oia^si^eis ^sxniae □x^iefu. 

D. ^^:)H£i E^^^ ^mm ^'±m3\'^lm. 01^ li^xiBi dw^m^q. i^xw ^on\ s^. #01 ^:f\s\^ Ei^^ ^mD\ 

^CHS Sx^l SSg^^B. H-k M^' g^Xf£| ^^i^^^Oil ^^fSD. fe'fi^ 6f^ ^X]\ ^mm ^^ m^ 

^^4^^. mo\\A-\S\ m± □£112 S^a^ :i:X^£l ^^Oll SISHAI XI|3!©Ef. 

E£i]. ^^^X\\ D\E mow ^01 Xill ^Sx-ll H1 1 S ^1 CHI ^0\Xi 91^ M2 ^^X-ll M^'g, M2m mO\\ ^O^X^ Si^BI. XillSHUS^' 

m-m.^^ o\mo\^ x^ismm □# ^^xw ±^ ^ □ ^sx-ii ±^ mow ^o\j^ 9ji^ s^s st,^6i^. s^asdog =?^'n\D\ niesa. 
s^^Dx^i ±^2Ji ^oi bf£f ^L\. ^axii iii^£i s^i ¥3)11^ tin,^^ef3i£^ 20 uixi .200 aoiq. 

B OB ^'AICWIDII CEfe ^ZSx^l^. :>il01MS^3h :>ilO|ES= OfEHCHI feOlXI Sill ^U\D\ 5^g.i>^ XH^ S^B: *HI1 '^S 3^1 

^JJ,J\ AmiCHi 4^gJ£IO-; Si^ X-113 ^S^^l^l MlfQf^ 31101^ ^^X^\ MOS ^£HX{::^E-iO!D. 

B ^^.2] 4'AIOIIOII S|6fS. ^'ElE :>I^^Iif ^^^§^2] AfOIOll ^^11 ^ (oxidation barrier)! ^i:"!^ S-tft^S'^Mi. {^±D\ ^ 

±^S). 0f£K0ll-2i^ ^'£1= SOIS^ 5:!^ ^^X|S^□. □ e^' (interface material)^ ^'SI^^^DIfe, ^Sf4'-£l^ ^ '^Al^'^ 

Ol^Oi^t d^^'D. 

R^m i^'t: D\^i mm \cm ^%imow 9Jio\M, ^^£x^l d\e mm am ^sx-ii ^^o\ xiig^sa. s ^^^g: 

a 7^12 ^loiL x-iii M^'g sirm^ XHI3 ^^xi\mm ^^5ffe b:>ii€ si,^t^a. 

■d\%^^\t\D\^^. ^^SJi ^^XMmS. mm ^^r^^sl^Couised) CVD^OI£fI} a'^dX!^ ^Xf^ m £l^(atomic layer deDosition)S CHI £i5H 

sLibOii. oi~ £ v^^is <^^&iAi34 ^^51^ {l^^fge s^eoiu. bi^ ^xf^ m u^.^01 bf-it^ef:?!^ etu. ^t^^si '^SM^g-S li^ 

^^jHOj ox^x^lSg ^SXHi iii^B dl^^2^'5t:?l^^. 400 LHXI 900 ^£CHIAI OiygaOl, rii-^. S^AJOISl ?\m 

:iE^IlrE! :>il^l 2? (condition) fe^D. 

s^.t.g Ei^Ai5i^ ^?\\ ^ 2^#3f □ oiE«£] ^<^:?H£i ^sx^lse miEHyst^ b:?ii-i stief^ ^0 gge 4^86101 ds ^sx^i ^ 
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MOS ^£HX!:ihEHb £ 1 ^' D\B ^^0\\M UBtH af£^ ^^01. ±>^g^{21). Eaie!S^(23) ^ ^£|.S^(27)M SettQ. □ 
2i Li. . 0118 i^SXflCHI^ll^ gXIS 5^01°^, OimoilAH^ CH 01^^ :?HA1 2j35fXI s^CK g S>dl/H£i OimOlI/dfe. ^ ^^SOI'^S 

10 :^7J£! BIJlDf ^±gOil CLfEfAH. S Xil :4^Xf£l il '^^MS e^£! ^^'^^ ^X\mD{ mmO\, Ol^^s^ ^ 

SXJ|#(15)°I ^^i SEEI i^^^aOlO^ E!D. 10 "BDKsizer^ S&^^og^ XHy@^(15)£l ^OIM ^tfU. £ 10||>M *S^OL □ ^'Olfe 

i^^aE^ m^^,^^ am zm2}^ mi'bi Mmo\ m^m^w sd. □£.^^ ^.^'g ^'S ri^-k" M^-oiain af^cii. oi^ D e^'#oi oi^f^ 

O5) □EiH Ufg ±^Bm EIEIb ^A^OIE((Ba. SOTiOa) # 4^ ^-^^ ^ IHI £ . 0|.fe«SIB Sfe^SJ SZj ^^£J 

=?^x\\m ^^%'o\\ mm bigs^ ^^gjM^'oi b^ir^^'Sf:)!^ o\xm, b§§ ^§ st^ ag§^ =?^x]\m m 

S(140)1 i.^^D. ^^gJ#(130)S. <l^£fa^^Dlfe(A}2 03), ^'sl^^^Olfe(AIN), g£F^»£)^(SfN E^ Sis N4 

) C)|Af^fA.£j3(Si02)o^ OI^CH:^ 91^U, ti^^^2ys^ >«s Ai^fo.sQj^OiCf. 4^a#(130)2| 50 ADlo^O|[:^. 2-k#(140)8 :i-k 

^^M 0\mo\X^ 2iD. li-k ^SX^ie^'^AI^. <!l^S^EIE^fe(Ti02). <i^S^X!M3fe(Zr02), <:l^S^a^H^(HfO^). ^^£^&^S(Ta^05) □£! 

Z i^e^g E-IBffe ^A^OIE((Ba. Sr)Ti03 ) mO\ SiELf. tJ^^^^£^ ^B ^ilfXI^^fe SFHsOl CL ^2 4^£ia(1^0yg H-k 

i"! e Dil. oil S M 01 AI2 O3 /2r02 /AI2 O3 /ZrOg /AI2 O 

:/ZfO:.3f ^^01 ^^aU. 

E SOilAH S^OI. £Eb iiHid^ STOI St^^ ^ 91C\. #0! ^^XM E-i^l! ^^:4iAI9!^ ^mo\ 

liSCHi ^ ^^mo\ >d^^ ^ £iD. 

{130)01 -Msf ^f^-E^AH jj^afxi =af:?HU. i}-k#(i40)oi ofSHOii ^'£1= g^a:Hi s s^ef^. e 40iiAi s^oi, «!Ex-ii dieu 

' ^^^xll :^^(116) A^OiOil S^{170)0I X-ilgSD. ^ ^^SOIIA^ fi^a ^JWIOil Ai . S-^E-^AH 

E 5b. ^ ^^gCHl HfE. ^SX-il :^&i!(216)e ?c^^ S^U^ ^^X^i Xi\^0\\ SiOiAHSj ee!B:^l£l ^' A! 0111 UOUilQ '2iCf. Sx-ll ?IOIiy(2l2 
: .-etj)!!. :n-k g^'S(230)Ilf 4f ^ Mfe*#(240)S mCH^ ^4^:?H g^AI94 a^%^E£/W ^Sx-ll :^-ii!(216)e .^^§^□. D £l^#(218 
V^^ 2::x^l SJIOIUH ^lOit EI^^AiLip. ^^^{2)8)11} H 0\E}\0\\ 91^ □# ^Si^l ^^(216)01 HHE-iyS Oil^'aOI. E 20\\M -ffife bffiF S 

%:^E^u. ^D\^2\ gssol 4-i^aai ^^afb ei,^^ e^ ^5x^lM# is^^d. 

El'. ^ Cft s^n^^i ^i^o] Qj^^i >|!0|e XHI 5 (substitute gate manufacturing method)Oii AH Al§a:>l(Hl ^t^SfD. D\Xi] 

OiHb. Li^ry^^ Aii:H£!E^ £1 CH Sib oimi^ :>iioi^ ^3Ex^!£i ^ ^ Il^ ^£^01 9}U. Diitiiai :>iiop^ ^5x-ii:5f Xii>is ^. □ oiitii^ :hioi:^ ip 
±7MJ\ z^.^^ 5:011 ;hv^::'[ bt^D. umo\\. iie :>iioi^:?f □ :)H^^oii ^^sd. e 68, LHx^l >iioi'e .^.^si -BeiB^iioiiAHEi ^y^xn D\^^m 
uEJUiii 9}L\. oiibi^^ :>iioiE ^^x^ib x-i!>iaai. ei'(3ii). bfif^6f:?ikb ol^^st^»^l= S£^ ^m^^i^'^^ m^^>k\'0\ dw=?^{3o 

^ 7B £^ ^:^\m uBum sibfli. ^'^m^mi330]2\ :D-ke^'g(340)s ^^ai^^ am -^^xw ±^m{3^e)m lmxw d\\o\ 

f '^-eib JH^'^g i.^b ^^Ex^i :?1^^(312) ^ICHl ^^^.^(318)S £J^AI^iD. SI 23 Of ^{chemical mechanical polish) Eb ::>|:Ei£l ^ 

^-it.' 3;S(Hf £!6HA-i. g&fll e^'(3l1) ^1011 £!b gS«c^«£H o^^^l ^~sM^^2^e) ^ S^S(3r8)0l Xil>iaOi E 80l|Ai bF£f 
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^•^^6)01 ^^£1^ ^^(422 ^ 424)01 S^SID. bF^^ISDISfe S^o^ SOI 91^ 2^(418)01. DS *^(422 424) M 

B W^2}. ^^S}. ^^DWmm £ 9CMIAH ^^^^^ LfBLHSiU. ^^M ^DWib^Q)^ PI^M THIgSh^ BI^IIOID. B m^2\ CH^^5^ 4'AIOll 

gAH. ^lOil ^'^m ^^Mm 2iD- 

9:>|](520)^, dsfa^^DlsCAI^Os). ^'£fa^^Dls(AIN), I'sl^' £1 ^(SiN EE^ Sis N4 ) OI<i^£^4• £1 E{Si02 SEfe a>^£| 

: ). >L^§fZ! = 3fe(Zr02). <i^£f6fHfe(Hf02), dsf&^MdasOs) □E.lin b^g S! £1Bb ^AiOIE((Ba, Sr)Ti03 )£^ .^'^ H-k M-^'^ 

El. 50 A OjD^£j s|gl asigf^ B:)ilO!D. HUf 2^61^1^^. 35 A0|Of£! m^Ol £iD.«<!y 20 aDIB£I mW^S^a. 

E:'?^l(530)^. Il'k 1^' B:>lt{520)01IAH S^hsjh o^s ^^'^ 50 aDIEISJ ^Mg ?c^^ ^^go^A^ ll^im^ B^ilOIQ. tih^ 

^6r:)|^^. 35 AD!0fO| «teOi £1^1' =^ SiCf. ^{tl 20 AOIB^ b^^5^6^□. 

E ^^gS! dl^^3^£.^ a'^'OllOii Siaf^. "^^±£f^(pu!sed) CVD" SE^ "^Xf^ # CHI HI ^^A| (atomic layer epitaxy)" dfH ^'^017:1^ m U 

# CVD)1 A^§6^01 mmmm :)\^ ^CHI a^t^Cf. ^X\^ S SJ^S(^Xf^ g CVD)E £f^^a^^(chemisorption)OI 

£f3 ^^aiXi Olg^^D. l^^^m^^OilAH. I^I^Koas phase)2j H'OI S^Oil S^^am £sl£iOi ^^ef^ll SD. QlVg 

£1 S^^sot Ej^^^SCMI/H^ e£!S^^(physisorption) g§g XHgm^aU 0!^ ^SSI S°30l gOlXI^ CIS g^AI^I 

e ^'OIU. 0\mm^^)M. ^^Oil 9JiO\M OH^ S^'Ef SIM ^SAI^' ^ SiCf. Olig MOi. gslXI ^^^{ZrCU )e 01 

1610^ *^^ttH e^'Si ^^afin. ^s.\x\^^^ A\±^m n-ixi(purQinQ)£i ^. □ see =4^e:>i(H2O)0ii t^^Aiijo^^/H, ^'eiE ^oii oi 

B-iPj d^fXI^^B^^e ^^^Al^' ^ 2iM0! ^^£:il:j M^^\D\ ^h^x^I^AH^. XI AK)lS(Zr(iO 

Pi).) Xl^Bfe E^|e£^01ll' ^•&U2UI01£(Zr(tmhd)4)g M ^ S^^^m^^B. ^OiS I?!-^ gf^x^lOil □6f01 DH^ X^lt^S -^^ISI B£ 

iif ^^^OilAH a-OiyU. ail mO\. ZrCU si HgOM OlgSfOI. 300 ICSI B£Oil>M. <ySFXIS3fe0l ^^\^ J\m mow £l^£lfe 5!^^ 91 

a. ^goi ^ii^ae 9^'#oi [ch^ch!. ^:)f^oi bo»#o} ^^^q^^ o|eij sp ^h^jjie^^oioi ^^^a. ^5^^ ^jhibm i3-k 

^'I'oi Ei^EMi £is. afuf oi^^£i Ba'#i ^m\o{\ o\m tmxifxi li^Ai^iAi ^'^mmmm ^ £iD. oiig -ecH, ^^^01.^ 

5fO!E£miE(DMAH)£F H^OM AfgS^OI AlsOaM 2 ^ J^^l (precursors) £f S^-^SK^I -fiietS-ste OlgSPI 5H Ai^. 

SafXI a^I2 ^'S.^^ ai^liAl^' mQ.D\ 0I£^£^ ^^^Oil 9JiO\M gfiE! 5^U£J ^^01 

'2 011 ^^61 m^t\^ >!. g£ ^ 2^^^^ ^i^eiai. H-k 4^E.'gS01l DISH Dg 9X0. ^Xh^ S SJ^g(S!X^ 

^1 S CVD)e eSHAH. 10 ADIEI %. VA^ 2 LHXI 5 A%IHI£I Hl^l^ ^ 2iD. bl^ ^'g^^^Sfe ^x^» s u^oi 

^^-^i£i^ ^^E^ uEFuxiB'. mo\\ o\^^^ ^^ms\ §!x^^ mm gi^Ai3i:?i mm^^ ^imxi a^^a. 

M±^m 0\^o\^ DB £f 51' (target) e ^HiE-i (sputter )5K)1 H-kM^' ^2^mm2\ m^^\^ 5d0ICL 

H^E ^^2^ S ^ :)H£I i^E-iEHi,' B^l'OI Alg^jQ, ong ^CH, Xl^^feog g 6^U£j D^^Bf .^^^DlfeE'^ 9 6^U£J Ef^OI A^g^^ 

^u. ^^s\ B^'S Ei^Ai^ve ^lefO:! xix-ii^^^ >tt£"i (shutter) g XIUI2 £iQ. ?4ioiing ^tiiaioj i§wuoii -fe^D. n om, 

?^101IH» ^8 UIXI 500 -CSl :?}^SfLL Qgog. Ofs^B ^L^4:SJ ^IT^S ^biUiOil ^tfiUlOil, ZM^ 500WU1XI 5kW 

sji ^iHE-iii m^^m m^\^u\:>\ ^^sa. i^^^oi^ b^s b^^2i!m:?l^^ ch^ i uixi 10^ ^2} ^^^m ^\\o\m mow ^moi^m 
^\^^^ ^^EiQ- ^^^die b^ ME^^\ fe^Ei ^. xjssfe /^1E■^:)^ chs^ 1 uixi 202 m£} m^AM x\^^^m ^\\o\m mow mi^si d:^. ^ti 
D. -s^ie-iLHEi 6^:^:^ ^^oig^^of. ?Jl0lu^ ^i£! £l^Il^ SAtoii. B31! ^^'01 AI2O3 zr02S] <i^s^ee ^^sKiK Bgoij. 'B:>jtee siaf 

'Pjm y ^ 5f 01 . Alp 0= /ZrOz /AI2 C 
./ZiOr/Ai2 0o/ZrO?£^ ^4^:?H£| r^^tg XII^E^U. 

S CfE Ul£^^ ^•AIOIIOII CCfe a^^OilAi^. B3i!l e^^AI5=l ^^Sl E|5j Al^ B^ilM #.B^Of-(MI i=i# A| 51 H . □ ^ I.OOO UIX! 2.0 

'^^-'i ^'AlOjllQitAH^ ^^^'§,01 I3-k#eD eiX-i £l^£jXlB. H-kmm ^^m^ £l^8f^ ^S. ^ W^S\ g^lLHQll Mi^&D. •E£.^ 5i^'Wl-S 

:uf D}Ai°^ #0! m^^ a>iu dix!°j #oi de e^'^ acn si^ ^o\. m^D\ m^^\ xii^af^ b m-^^.-^m 

c:>:-:540)CH!AH^. @6f^ ^H^Si #01 £1^1' l[H:QfXI. E:»:>il(520)B B:>II(530)e y^§tD. ^ ll^^aii oiOi/H. /fiEl SE^ 4^eS Ol'g 

E^:i;l(550)^. 0^^^. ^dt l'±£f ^ri^Si ^t^M^ S^^Sf^ ^ ?1 35 1 LH Oil AH SE^ <:l^:^. '^^Dl. ^'>l^£^^:^^g £ 

£:olb {l^£f ^^i::)|LH(HIAH. US ^Sxil r^i&ilg Oiy^oF^ BI^IIOIB. bfif^Sf:?!^^ 400 UiXI 900 'C^ ^EAI9^ Oiy^,'! ^l^i^^o^^Mi. ^ 

•--^K550)^. £!^aill. S = III □ O^EH^ ^Sx^l :^^S i^HE•^fe!a^^ B:)1!0ID. iiHE-ife.'011 2i 01 Ai . 'e^^^e! HHEife' ggOlU 

•L-^ti. :^ioie gg^ CHE 5^ug m^ow clibah xh§& ^ 9xa. 

e ^^^8. ^li::X!:^E-;a' .-HIOIM ^^n^l^AHa' 0l>l.^sf ^' £ieg CHx^lof^CHl ^61 t\X\^ . Xi^ 9i HH A! EH (storage capacitors), i^^^j 

5 :'\^.±X\i^er.oe\ecv\c memory devices) OB ^EH£J S^'si^OllE ^g6f>il Ol^g ^ o^u, 

6 ^'g^! gsijp ^0\UX\ 0:E^^2lI us ^'AIOIIME ^ED\^t\U. EAIS ^'AlO^ie^^Ei ^^51^01. g :?^X|£J .s^mi-^ ^ 
^m2\ t^^^ Qfg^E^ ^5 01! s mgol ^ £iEL ySXIBe. □g.^5f:>ll ^'^mm ^ S^ILHCHIAH E.^SH^ ^0\Q, Ai 

. oi'^^Ei :'H.Ai Lwm ^' Doii a^^^ bxi cwiAig ^it.j se. b ^mm x^\^t\^ o\^b mBoiu.-m ^=?^mo\\ 
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(57) -^^9}. mm 
•^^^ 1. 

0) >;iOIE£:^ Of£HOil feail 9111 ^U\D\ HSM xH^S^: 

^LH:?! AfOIOil ^'2^s^ Xil3 ^SXjlSe S&m^ ZHIOIM o^j^l S§f5ffe MOS M Xl >iEi . 

^=?^ 2. 

b) 7dl1 ^2x^lS ^1011 feOjXi 9111 Xi\2 ^^X]\ M2 

c) 7M] ^ M2 ^^Xm mow ^0\XA 9111. X-ill ^^Xi\ g^'S HIS S! 

3. 

Aii2^^CHI SiOiAH. mi ^2x^1 mmO\ Zr02. Hf02,Ti02 TagO 

eBf? oi^cH^f 2P^^£-i <^!^£i:n. M2 ^^x]\ m^o\ AI2O3. ain. sin. sisN^ 

SiOr-^s OI^CH^i ^o^^El d^£l^ ?5XIL 

.Xil2t[0!l SiOiAi. X-iM ^SX-II mmO\ AlaOa. AIN. SiN, SiaN* SI S'lOz^^ Ol^OiS 50^«e^ >dii!£i:D, Xil2 ^SHI mSOl ZrOg , HIOe . Ti02 

Ta 

^=^%i 6. 

I^I2S^CHI S^'CHAH. Z-ill ^S-illtSl ^JMDf 2 UIXI 5 A o i :pS:XA\. 
7. 

Iii2il0il SiOiAi. M2 ^EX\\mS\ ^MD\ 50 A Ol□^o! ip^Sx^l. 

^^^1) 8. 

A^=:i>ait SiOi/d. :yi2 ^s^isa %^Df 2 lhii 5 Aei 
9. 

m^?^ 10. 

A-;!9tl01l 2iO^A-j. A^tl S^OI ms}^^\E2\ ^A!^'^^"£l = og 01^01^1 ^o^^eH >!?§il£l^ MI'S OI^CHS 
11. 

1-1121.^011 sio-iAH, s^. aioichl m ^^x\\ g^'s^f ni2 g^'soi zicn^ ^4^:>H£I soi j^^aaai 

fe^^ 12. 

A-i!l '^^CH! SiOiA-l. 13 01^ ^4^3H£i S£l gt,^ ^mD\ 20 UXI 200 A oj 

^=?m 13. 

£} ^^E.t^! I^j^^Ei ^'^ Se? ^lOil ^£!x-i!#g 

r) m mow, mi ^^XM m^2\ ^sxii mmm s^^m^ ms ^sm#g s^sf^ ^D\\m R^t\^,^^XM ±ms\ ^.^-^^e. 

14. 

;H5-'31:fOil ^lCHA^. ^fEm 400 LHZI SOO 'CSi B5:0WM CM.yfe'6fCW ^^X\\ t^U{^t\t: BPilM R^o}^ 
15. 

mi4tlO;i SiOiAH. oj^ >1H = S1 £I^AI31^ ^' □ OfE«£! ^S^^l r^i^^g ^HEiy6^0i ^61^ S^i^g g 
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16. 

17. 

19. 

^=?%^ 20. 

Xih8i.^01! 9X0\M. M^ ^=?X\\D\ (self-limiting) B^'#0£/d ll2S!£lfe g^g. 

J^\^8%'0\\ 9JiOiM. X^I1 S^X^Pf ZrCI. . Zr{iOPr)4 ^ Zr(tmhd)4S Ol^Oia ^^g^ei ^ii!£ife g^g. 

^=?f^ 22. 

^^Sf 23. 

|?2ri^CHi $iCH/d. :WI1 B^lIHf 7:112 B^M ^Ii^E^i!6^^ AIZ^M >MEHOil £I6H 3E^Slfe gjg. 
S=?1J24. 

Si22ir01! SiCHAi. ii^ilHEHiie ^^PIOllAi =^^1S5^^ gJS. 
25. 

26. 

Aii25E^01l 2iCHA-;. Xill B^'Hl 7412 B5l'£] A|^^S /^l&lOil £i5H igsf^ ^^S. 
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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR STOES 

□ FADED TEXT OR DRAWB»JG 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□^LOR OR BLACK AND WHITE PHOTOGRAPHS 

□"^AY SCALE DOCUMENTS 

□'LINJ^ OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ' . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



